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BACKGROUND OF THE INVENTION 
Field Of The Invention 

[1] The present invention relates to the field of brick handling and packaging. More 
specifically, the present invention relates to an apparatus and method for automatically 
unloading kiln cars and stacking the unloaded brick in proper size plastic band strapped 
bundles having forklift tine receiving openings for enabling subsequent handling for 
shipment. 

Description of The Related Art 

[2] It is a current practice in the brick industry to manually unload brick from kiln cars 
and to manually stack the brick in bundles for binding and/or packaging for shipment. These 
activities are extremely labor intensive and require as many as 15 employees in an average 
brick producing facility. Also, these jobs involve extensive lifting of heavy brick and back 
and other injuries frequently result in down time and attendant worker compensation losses 
can be substantial. It is therefore understandable that the nature of the work required in these 
jobs can result in a very high turnover rate of employees. 

[3] While the foregoing problems have been recognized for many years, no satisfactory 
solution has evolved in the brick industry prior to the present invention. 

SUMMARY OF THE INVENTION 

[4] It is a primary object of the present invention to provide new and improved equipment 
and methods for unloading brick from kiln cars and assembling the brick units into a bundle 
bonded with plastic bands so as to be ready for shipment to the customer. 

[5] Yet another object of the invention is the provision of an automatic system for 
unloading brick from kiln cars and rearranging the brick in bundles substantially without the 
use of any manual labor. 

[6] Yet another object of the invention is the provision of equipment for automatically 
removing brick from kiln cars and arranging the brick in bundles including tine receiving 



openings positioned to receive the tines of a fork lift for enabling repositioning of the bundles 
in an efficient manner. 

[7] Achievement of the foregoing objects is enabled by providing one robot or a plurality 
of robots, desirably two robots, positioned adjacent the forward end of a kiln car and each 
having booms supporting a pair of vertically oriented power activated stack clamps which 
can be positioned over one or more layers of bricks, desirably the two upper layers of brick 
stacks, in the kiln car. Actuation of the stack clamps effect clamping of the one or more 
layers of brick, desirably the two upper layers of brick, of a kiln car stack. The clamped layer 
or layers are then lifted and positioned for deposit on an infeed conveyor. The infeed 
conveyor delivers layer or layers of brick, desirably the two brick layers, to an unloading 
position beneath a transfer distribution carriage positioned for transverse movement between 
a forward position and a rearward position over the unloading position on the infeed 
conveyor. The distribution carriage has two pick up heads, each of which has two facing 
brick layer clamp members that can be lowered over the layer or layers of brick in stacks in 
the unloading position on the infeed conveyor for clamping and repositioning the brick layer 
or layers on either an outfeed conveyor extending longitudinally of the assembly parallel to 
and rearwardly adjacent the infeed conveyor or a longitudinally oriented tine conveyor 
extending longitudinally of the assembly parallel to and forwardly adjacent the infeed 
conveyor. 

[8] The plurality of layer stacks of bricks, desirably two-layer stacks or bricks, are 
separated into single layers most of which are carried by the distribution carriage to the 
outfeed conveyor where they are positioned for movement forward of the assembly to a 
downfeed position where a tine layer is positioned on their upper surface. A substantially 
smaller number of the layers delivered to the unloading position on the infeed conveyor are 
positioned on a tine conveyor and are oriented transversely to the assembly and are moved 
forwardly where they are divided into tine row pairs, or other alternating arrangement of 
rows, such as a double-single-double row arrangement, spaced apart to form a tine receiving 
layer, the spaced apart rows defining tine receiving openings or apertures, the tine receiving 
openings or apertures for respectively receiving a clamping, lifting or moving member, such 
as the tine or tines of a forklift, when positioned in a completed stack so as to enable 
movement of the stack by the forklift or by other suitable moving means, such as by a crane 
or robot. 
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[9] The one or more robots also remove double layer stack components, such as the 
bricks, from the kiln car and deposit them on a packaging conveyor driven transversely of the 
assembly in a rear to front direction. The one or more robots then remove a single tine layer 
from the outfeed conveyor and deposit it on the two layer stack, or other suitable stack 
arrangement, previously positioned on the packaging conveyor. Additional layer or layers 
are then positioned on the tine row or layer on the partial stack on the packaging conveyor 
while it continues to move forwardly and new stacks are formed in a trailing position behind 
the leading stack or leading stacks that follow a first, or original, stack so that completed 
stacks are delivered from the downstream end of the packaging conveyor to the package 
station including a moveable carriage which moves at the same speed as the packaging 
conveyor and applies straps, or other suitable fastening means, about the brick stacks which 
have previously been oriented by a suitable orienting means, such as by free-compressor 
plates and regular compressor plates. The package of the components, such as bricks, is at 
that point completed. 

[10] Although various preferred embodiments of the invention are explained in detail, it is 
to be understood that other embodiments are possible. Accordingly, it is not intended that the 
invention is to be limited in its scope by the appended claims, nor by the details of 
construction and arrangement of components set forth in the following description or 
illustrated in the drawings. The invention is capable of other embodiments and of being 
practiced or carried out in various ways. Also, in describing the preferred embodiments, 
specific terminology will be resorted to for the sake of clarity. It is to be understood that each 
specific term includes all technical equivalents which operate in a similar manner to 
accomplish a similar purpose. 

[11] Further, the methods and apparatus of the present invention can also be used for 
unloading, arranging or packaging various components in addition to bricks, such as for 
shipment or storage. Such components could include, for example, blocks or other modular 
components, tubes, rods, pipes, boxes or packaging cartons, or the like, which can be of 
various materials, such as a plastic material, a cardboard material, wood, and a metal or 
ceramic type material. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[12] Preferred structural system embodiments, preferred subcomponents, method steps and 
procedures of this invention are disclosed in the accompanying drawings, wherein like 
reference numerals designate or describe like or similar elements, and wherein: 

Figure 1 A is a plan view of the layout of the major apparatus of a first preferred embodiment 
of the invention; 

Figure IB is a plan view of the layout of the major apparatus of a second preferred 
embodiment of the invention; 

Figure 1C is a plan view of the layout of the major apparatus of a third preferred embodiment 
of the invention; 

Figure ID is a simplified flow diagram of the control system controlling all functions of the 
preferred embodiments; 

Figure 2A is a left elevation view illustrating the robots and packaging conveyor employed in 
the preferred embodiments; 

Figure 2B is an enlarged front elevation view of the two robots employed by the preferred 
embodiments; 

Figure 3 A is an elevation view of the distribution carriage structure employed in the preferred 
embodiments; 

Figure 3B is another elevation view of the distribution carriage structure employed in the 
preferred embodiments; 

Figure 4A is a perspective view of a typical modular brick package formed by the inventive 
assembly and method; 

Figure 4B is another perspective view of a typical modular brick package formed by the 
inventive assembly and method; 

Figure 5A is an elevation view of an eight brick section of guide rollers used in forming a 
typical modular brick package by the inventive assembly and method; 

Figure 5B is an elevation view of a six brick section of guide rollers used in forming a typical 
modular brick package by the inventive assembly and method; 
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Figure 5C is an elevation view of a four brick section of guide rollers used in forming a 
typical modular brick package by the inventive assembly and method; 

Figure 5D is an elevation view of a two brick section of guide rollers used in forming a 
typical modular brick package by the inventive assembly and method; and 

Figure 5E is a side elevation view of the conveyor roller guides of Figure 5B used in forming 
a typical modular brick package by the inventive assembly and method. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 



APPARATUS AND METHODS OF THE SYSTEM 

[13] With reference to the figures, like reference characters will be used to indicate like 
elements throughout the several embodiments and views thereof. In particular, with 
reference to Figures 1A, IB and 1C, the present invention is directed to a system for 
automatically unloading and stacking bricks 2 or other components 2, and then strapping the 
bricks 2 or other components 2 into bundles for shipment. The system is implemented in an 
assembly 10 that includes an upstream portion or left portion 12 of the operation which 
receives brick 2 from a kiln car 14, and a downstream or right portion 16 of the operation 
longitudinally spaced from the upstream portion 12. The assembly further includes a rear 
portion 18 and a front portion 19 which are separated by a centrally longitudinally extending 
infeed belt conveyor 20 having an upper horizontal flight 21 as shown in Figure 3B. The 
significance of the aforementioned upstream, downstream, front and rear portions is that they 
provide a basis for accurately describing the relative positions of components of the preferred 
embodiment and the movement of such components 2 , such as bricks 2, being handled by the 
assembly. 

[14] With respect to the upstream portion 12, the kiln car 14 is movably supported by a 
conventional mode of transporting products within a manufacturing environment such as a 
rail system (not shown) for movement to an unloading or staging position adjacent a robotic 
unloading structure 22. In this embodiment, the robotic unloading structure 22 incorporates a 
rigid steel robot supporting frame 22 a which supports a conventional rear robot A and a 
conventional front robot B, as shown in Figures 1A, 1C and 2 A. The kiln car 14 is designed 
to support stacks of bricks that are each lifted by robots A and B for further processing. In 
this preferred embodiment, the bricks on the kiln car 14 are divided into stacks SI, S2 and S3 
in a transverse front row of the kiln car, stacks S4, S5 and S6 in a second transverse row and 
stacks S7, S8 and S9 in a third transverse row. 

[15] A transversely extending packaging conveyor 24 (Figure 1A-1C) is positioned 
adjacent to and immediately downstream of the robotic unloading structure 22. In this 
embodiment, the packaging conveyor 24 is implemented as a conventional belt conveyor 
having a continuously moving upper conveyor belt flight 25 (Figure 2A), which is 
continuously moved at a relatively slow speed from the rear portion 1 8 to the front portion 1 9 
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of the assembly. Alternatively, the packaging conveyor 24 may also be operated wherein the 
upper conveyor belt flight 25 is slowly indexed from the rear portion 18 to the front portion 
19. 

[16] An outfeed conveyor 26 extends longitudinally adjacent and perpendicular to the 
packaging conveyor 24 in the rear portion 18 of the assembly 10. The outfeed conveyor 26 is 
implemented in this embodiments as a horizontal belt conveyor having an upper horizontal 
flight 27 which is operated to move in the upstream direction toward the packaging conveyor 
24. 

[17] A longitudinally oriented tine conveyor 28 is provided in the front portion 19 of the 
assembly and has a horizontally extending upper flight 28a. The upper flight 28a is indexed 
at appropriate times in the upstream direction toward the packaging conveyor 24 by control 
signals from a programmable logic controller (PLC) 73 (Figure ID), as will be described 
further hereinbelow. 

[18] A distribution carriage structure 30 extends transversely across the downstream 
portion 16 of the assembly and perpendicular to the outfeed conveyor 26 and the tine 
conveyor 28. The distribution carriage structure 30 is positioned above position A28 of tine 
conveyor 28, position A20 of the infeed conveyor 20 and position A26 of the outfeed 
conveyor 26. As shown in Figures 3A and 3B, the distribution carriage structure 30 
incorporates a support frame 30a, and a distribution carriage 31 positioned on the upper 
extent of the support frame 30a for transverse movement between a rear dwell position and a 
forward dwell position under the control of the programmable logic controller 73. 

[19] Also shown in Figures 3 A and 3B, a forward pickup head 82 and a rear pickup head 
83 are supported by the distribution carriage 31 with the pickup head 82 being positioned 
over and vertically aligned with position A28 of tine conveyor 28 and rear pickup head 83 
being positioned over and vertically aligned with position A20 of the infeed conveyor 20 
when carriage 31 is in a forward dwell position. When distribution carriage 31 is in a rear 
dwell position, forward pickup head 83 is vertically aligned with position A20 of infeed 
conveyor 20 and the rearward pickup head is positioned and aligned with position A26 of the 
outfeed conveyor 26. 

[20] Pickup heads 82 and 83 are of identical construction and each pickup head includes 
brick clamps 84 mounted on a vertically moveable turret 85 which can be rotated 90° and 
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moved upwardly and downwardly relative to brick stack components on infeed conveyor 20. 
When carriage 31 is in its rear dwell position, clamps 84 can be moved downwardly over 
brick stack components in position A20 of the infeed conveyor 20 to clamp and lift a single 
layer of brick. The carriage then moves to its forward dwell position where the single layer of 
brick is rotated and lowered for deposit into position A28 of tine conveyor 28. 

[21] The rear pickup head 83 is identical to forward pickup head 82, and is mounted on 
distribution carriage 31 rearwardly of forward pickup head 82 so as to be in vertical 
alignment with position A20 of infeed conveyor 20 when carriage 31 is in its forward dwell 
position. When distribution carriage 31 is in its rear dwell position, the rear pickup head is in 
vertical alignment with position A26 of outfeed conveyor 26 and forward pickup head 82 is 
in vertical alignment with position A20 of infeed conveyor 20. 

[22] Tine carriage structure 32 includes a support frame 32a that provides support for a 
horizontally moveable tine carriage 33 which includes a pickup head 92 essentially identical 
to pickup head 82 of distribution carriage 31. Pickup head 92 includes downwardly moveable 
brick clamps 35 for engaging, lifting and rotating 90° the tine row pairs TP or row 
arrangement TA, such as a double-single-double row arrangement, in position B28 of the tine 
conveyor 28 for deposit on a single brick layer in position B26 of outfeed conveyor 26 in a 
manner and for a purpose to be further discussed. 

[23] Front robot B and rear robot A are conventional computer-controlled robots 
manufactured for an industrial environment. Examples of robots that can be use to 
implement robots A and B of the invention are robot Model Nos. M410IWW or M-4500, 
both manufactured by FANUC North America of Mason, Ohio. Each robot includes a base 
40 rigidly attached to the steel robot support frame 22 as shown in Figures 3A and 3B. A 
rotary turret 42 is mounted for rotation about a vertical axis 44 with electric and hydraulic 
controls and power housing 46 being provided internally of the robot base 40 as shown in 
Figure 3 A. 

[24] Referring to Figures 2A, 2B, 3A and 3B, rotary turret 42 provides support for first and 
second parallel clamp frames 48 and 50 which are mounted for horizontal movement on a 
horizontal carrier beam 51 attached to a rotary disk 49, which is rotatable about axis 47. Disk 
49 is mounted for controlled rotation about the vertical axis 47 of a vertical shaft provided in 
outer housing 53 on the outer end of an articulated main boom extending from the rotary 
turret 42. 
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[25] The articulated boom includes a main boom 54 attached to rotary turret 42 for pivotal 
movement about horizontal axis 56 and an outer boom 68 mounted for pivotal movement 
about pivot axis 60 on the outer end portion of the main boom on 54. Outer housing 53 is 
pivotally attached for rotational movement about an outer pivot axis 64 adjacent the outer end 
of outer boom 68. Linkages 66 act to always maintain the vertical orientation of axis 47 and 
clamp frames 48 and 50. 

[26] The first and second clamp frames 48 and 50 are mounted for linear horizontal 
movement toward and away from each other controlled and provided by hydraulic cylinder 
69. The hydraulic cylinder 69 is electrically controlled by signals from the programmable 
logic controller 73 and the clamp frames 48 and 50 when positioned in their fully opened 
position are spaced apart a sufficient distance to permit the clamps to move downwardly over 
the two upper layers of brick stacks on the kiln car for clamping the brick layers for 
movement by the robot assembly to infeed conveyor 20. The juncture of axis 47 with carrier 
beam 5 1 is positionable anywhere within the confines of boundary line 200 for any position 
of rotation within the confines of circular boundaries 300 (Figures 1 A and 1C). 

[27] Stacks Al, Bl, CI and Dl of veneer board are provided on table 39 positioned 
rearwardly of outfeed conveyor 26 below and in vertical alignment with the tine carriage 33 
when the carriage is in its rearmost position. Tine carriage clamp plates 35 are supported on 
the lower end of the tine carriage axially vertically positioned shaft 34 which can also be 
rotated. Tine carriage clamp plates 35 can be positioned a sufficient distance apart from each 
other to permit them to be lowered over a tine row layer TL,TP, or tine arrangement TA, 
brick course formed of three tine rows in position B28 of the tine conveyor 28. Clamp plates 
35 are moved toward each other to engage the ends of tine rows in one tine row layer TL,TP 
or in one tine arrangement TA to enable the lifting of the tine rows TP or tine arrangement 
TA to the elevated position shown in Figure 3B for subsequent rotation 90° for deposit on a 
single layer brick course IX, or other number of layer(s) stack(s) of brick (nX), in position 
B26 of outfeed conveyor 26. 

[28] Tine carriage vertical positioning shaft 34 is moveable upwardly and downwardly in 
an axial direction and is also capable of rotation so as to orient a brick course 38 in a 
transverse orientation such as shown in position B26 of outfeed conveyor 26 form that shown 
in position B28 of tine conveyor 28 (Figures 1A and 1C). Tine row layer TL,TP or tine 
arrangement TA can also be oriented in a longitudinal orientation (Figure IB). The tine 
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carriage vertical positioning shaft additionally includes an engaging element which can be 
lowered downwardly to engage and lift the top sheets of stacks of veneer boards Al, Bl, CI 
and Dl, etc. for subsequent deposit on the top surface of a tine row layer TL,TP or TA such 
as course TB in position B26 of outfeed conveyor 26 as shown in Figures 1A-1C. The 
engaging element may be implemented using any conventional device or system, such as a 
plurality of suction cups (not shown), that would be applicable to similar industrial 
environment. 

[29] Timing control of the robots A and B, the conveyors 20,26,28, the tine carriage 33, 
the distribution carriage 31 and their associated clamp and drive systems is provided by a 
conventional programmable logic control 73 (Figure ID), such as those sold by the Allen- 
Bradley® division of Rockwell Automation. This is accomplished by the programmable 
logic control 73 being connected to the control mechanisms of at least robots A and B, the 
conveyors 20,26,28, the tine carriage structure 33 and the distribution carriage structure 31, 
as well as to multiple sensors 78,80 for monitoring the various stages of the process. The 
various sensors that would be connected to the programmable logic controller 73 include 
position sensors 78, for example to detect the presence or absence of the kiln car 14 or of 
bricks 2 or even of the tine or distribution carriages 33,31 at various stages, and movement 
sensors 80, such as for detecting or measuring the movement of the conveyors 20,26,28 or of 
bricks 2 on the conveyors, so as to be used in the controlling and the monitoring of the 
process as will be further explained hereinbelow. 

Operation of the System 

[30] In the operation of the present invention, a sequence of operation of the assembly 
begins with all conveyors 20,26,28 being fully empty. It is assumed that modular size bricks 
2 are to be provided for forming brick packages, such as brick packages 100 and 100A, as 
shown in Figures 4A and 4B, respectively. Referring to Figure 4A, each package 100 is 
formed of (a) nine solid layers LI, L2, L3, L4, L5, L6, L7, L8 and L9, each of which layer is 
eleven (11) bricks wide and five (5) bricks long, for example, and (b) one tine layer TL 
formed of three tine row pairs TP, positioned to provide two lengthwise extending tine 
receiving openings 36 dimensioned to receive the two tines of a fork lift, or other suitable 
clamping, moving or lifting means, for enabling movement of the finished brick package. In 
this embodiment, the line layer TL is positioned as the third layer from the bottom of package 
100. Referring to Figure 4B, each package 100A is formed of (a) nine solid layers LI a, L2a, 
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L3a, L4a, L5a, L6a, L7a, L8a and L9a, each of which layer is eight (8) bricks wide and five 
(5) bricks long, for example, and (b) one tine layer TL,TPa formed of a single-double-single 
tine row arrangement TPa,TA, positioned to provide two lengthwise extending tine receiving 
openings 36a dimensioned to receive the two tines of a fork lift, or other suitable clamping, 
moving or lifting means, for enabling movement of the finished brick package. In this 
embodiment of Figure 4B, the line layer TPa,TA is positioned as the fourth layer from the 
bottom of package 100A. 

[31] At the beginning of a sequence of operation, the kiln car 14 moves into position for 
unloading by robots A and B. The robot B and the robot A (Figures 2A and 2B), are initially 
operated to unload two upper layer stacks of brick from the brick stacks SI, S2 and S3 on the 
forward end of kiln car 14. Both robots A and B will progressively clamp and remove two- 
layer stacks 2X (Figure 3B), or other number of layer(s) stack(s) of brick (nX), of brick at a 
time from the tops of brick stacks SI, S2 and S3. As used herein, "(nX)" can V ary to 
represent a one-layer stack (IX), a two-layer stack (2X), a three-layer stack (3X), a four-layer 
stack (4X) or other suitable number layer stack (nX), dependent upon the use, application, or 
operation, and each recitation of "(nX)" herein can represent a different number of layer(s) 
stack from another recitation of "(nX)" herein, again dependent upon the use, application or 
operation. The two-layer stacks 2X, or other number of layer(s) stack(s) of brick (nX), are 
serially deposited onto infeed conveyor 20 at position C20, and then conveyed by the infeed 
conveyor 20 to position A20. 

[32] In the above described implementations of the system, each two-layer stack 2X, or 
other number of layer(s) stack(s) of brick (nX), is formed of two (or n) single layers IX , or 
other number of layer(s) stack(s) of brick (nX), which are each ten (10) bricks wide by four 
(4) bricks long by one (1) brick thick, for example, (Figures 1A-1C). The removed two-layer 
stacks, or other number of layer(s) stack(s) of brick (nX), are placed by the robots A and B on 
infeed conveyor 20 at position C20 (Figure 3B). Depending on the operation of the infeed 
conveyor 20, the placement of the two-layer stacks, or other number of layer(s) stack(s) of 
brick (nX), is coordinated between the actions of the robots A and B and movement of the 
infeed conveyor 20. 

[33] For example, if the infeed conveyor 20 is indexed, the two-layer stacks 2X, or other 
number of layer(s) stack(s) of brick (nX), are placed during stationery dwell periods of the 
infeed conveyor 20. The infeed conveyor 20 is indexed after the deposit of each two-layer 
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stack 2X, or other number of layer(s) stack(s) of brick (nX), in position C20 so as to permit 
deposit of the next two-layer stack, or other number of layer(s) stack(s) of brick (nX), in 
position C20 with the process continuing until the downstream two-layer stack (the first two- 
layer stack, or other number of layer(s) stack(s) of brick (nX), deposited in position C20) is 
moved into downstream position A20 on infeed conveyor 20 which is beneath distribution 
carriage structure 30. 

[34] In this regard, a total of nine picks, or other suitable number of picks, of two-layer 
stacks 2X, or other number of layer(s) stack(s) of brick (nX), by the robots A and B will be 
set on the infeed conveyor 20 with each pick being separated from the others by the 
progressive (i.e., indexing) movement of the infeed conveyor 20 in the downstream direction, 
as illustrated in Figures 1 A-1C. 

[35] Further, because of the rectangular shape of the bricks and subsequently of the one- 
layer or two-layer stacks of bricks, or other number of layer(s) stack(s) of brick (nX), the 
layers that are transferred onto the conveyors may be oriented such that their longitudinal 
axes L are either parallel or perpendicular to the direction of travel of the conveyors 20,26,28, 
with the direction of travel of the conveyors 20,26,28 being indicated by the arrows on the 
conveyors 20,26,28 in Figures 1A, IB and 1C. For example, in the first embodiment as 
illustrated in Figure 1A, the two-layer stacks 2X, or other number of layer(s) stack(s) of brick 
(nX), are transferred onto the infeed conveyor 20 parallel to the infeed conveyor's direction 
of travel, and the layers IX, or other number of layer(s) stack(s) of brick (nX), are transferred 
onto the outfeed conveyor 26 parallel to outfeed conveyor's direction of travel, while the 
layers IX, or other number of layer(s) stack(s) of brick (nX), transferred onto the tine 
conveyor 28 are positioned perpendicular to the tine conveyor's direction of travel. 

[36] In contrast, in the second embodiment and in the third embodiment as illustrated in 
Figure IB and 1C, the two-layer stacks 2X, or other number of layer(s) stack(s) of brick (nX), 
are transferred onto the infeed conveyor 20 perpendicular to the infeed conveyor's direction 
of travel, while in Figure 1C the layers IX, or other number of layer(s) stack(s) of brick (nX), 
are transferred onto the outfeed conveyor 26 parallel to outfeed conveyor's direction of 
travel, while in Figure IB the layers IX, or other number of layer(s) stack(s) of brick (nX), 
are transferred onto the outfeed conveyor 26 perpendicular to the outfeed conveyor's 
direction of travel, and in Figures IB and 1C the layers IX, or other number of layer(s) 
stack(s) of brick (nX), transferred onto the tine conveyor 28 are positioned perpendicular to 



12 



the tine conveyor's direction of travel. While the overall operation of the system is 
essentially the same in the embodiments of Figures 1 A-1C, this difference in the orientation 
of the layers will, as explained further hereinbelow, will vary the specific operations of the 
robots A and B, the distribution carriage structure 30 and the tine carriage structure 32. 

[37] Robots A and B are automatically controlled to remove two-layer stacks 2X, or other 
number of layer(s) stack(s) of brick (nX), from the top of the stacks SI, S2 and S3 for deposit 
on infeed conveyor 20 or on packaging conveyor 24 until all of the front row stacks are 
depleted. With respect to the orientation of the layers as discussed above, the robots are 
controlled such that, as they pick up two-layer stacks 2X, or other number of layer(s) stack(s) 
of brick (nX), the robots maintain or translate (depending on the starting orientation of the 
two-layer stacks 2X, or other number of layer(s) stack(s) of brick (nX), on the kiln car 14) the 
orientation of the two-layer stacks 2X, or other number of layer(s) stack(s) of brick (nX), so 
as to deposit the layers onto the infeed conveyor 20 parallel to the infeed conveyor's direction 
of travel in the first embodiment of Figure 1A. For the second and third embodiments of 
Figures IB and 1C, the robots are controlled so as to maintain or translate (again depending 
on the starting orientation of the two-layer stacks 2X, or other number of layer(s) stack(s) of 
brick (nX), on the kiln cart 14) the orientation of the two-layer stacks 2X, or other number of 
layer(s) stack(s) of brick (nX), so as to deposit the layers onto the infeed conveyor 20 
perpendicular to the infeed conveyor's direction of travel. 

[38] Following depletion of the aforementioned front row stacks, the kiln car 14 is moved 
a specified distance forward beneath and through the steel robot support frame 22 (Figure 
2A) to accurately position the stacks S4, S5 and S6 defining the second row of stacks in the 
position previously occupied by the front row of stacks. The aforementioned procedures are 
continued, such as with respect to stacks S7, S8 and S9, until the brick have all been removed 
from the current kiln car 14. At that stage, the now-empty kiln car is moved away and a new 
full kiln car 14 is brought into position as shown in either Figure 1 A, IB or 1C. 

[39] The infeed conveyor 20 delivers the unloaded two-layer stacks 2X, or other number of 
layer(s) stack(s) of brick (nX), to an unload or layer removal position A20 beneath 
distribution carriage structure 30 positioned over the downstream end of the infeed conveyor 
20. Such two-layer stacks, or other number of layer(s) stack(s) of brick (nX), are supported 
for movement on the elevated distribution carriage support frame 30a. The distribution 
carriage 31 removes layers IX , or other number of layer(s) stack(s) of brick (nX), from the 
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infeed conveyor 20 and transfers them either onto the outfeed conveyor 26 or the tine 
conveyor 28. As the distribution carriage 31 removes brick layers from the infeed conveyor 
20, the infeed conveyor continues to progressively advance more two-layer stacks 2X, or 
other number of layer(s) stack(s) of brick (nX), into the position A20. 

[40] The distribution carriage 3 1 in its forward position has its front or rear pickup head 
82, 83 positioned over the two-layer brick stack in position A20 of infeed conveyor 20. The 
front or rear pickup head 82,83 is then lowered over the two-layer stack in position A20 and 
the clamp plates 84 are moved inwardly to grip and pick up the top layer IX, or other number 
of layer(s) stack(s) of brick (nX), from the two-layer stack 2X, or other number of layer(s) 
stack(s) of brick (nX), in infeed conveyor position A20 while leaving behind the lowermost 
layer. The distribution carriage 3 1 will then move to its rearmost position so that the clamped 
brick layer will be positioned over position A26 of the outfeed conveyor 26 and then lowered 
onto position A26 of the outfeed conveyor 26. 

[41] Alternatively, based on the controlling operation of the programmable logic controller 
73, the front or rear pickup head 82,83 of the distribution carriage 31 is lowered over the two- 
layer stack, or other number of layer(s) stack(s) of brick (nX), in position A20 and the clamp 
plates 84 are moved inwardly to grip and pick up the second layer IX, or other number of 
layer(s) stack(s) of brick (nX), of the two-layer stack, or other number of layer(s) stack(s) of 
brick (nX), in infeed conveyor position A20. The distribution carriage 3 1 will then either (a) 
move again to its rearmost position so that the clamped brick layer will be positioned over 
position A26 of the outfeed conveyor 26 and then lowered onto position A26 of the outfeed 
conveyor 26, or (b) move to its frontmost position to place the clamped brick layer over the 
position A28 of the tine conveyor 28 and then lower the clamped brick layer onto position 
A28 of the tine conveyor 28. 

[42] Based on the orientation of the layers of bricks clamped by the distribution carriage 
31, the distribution carriage may rotate the clamped layer of bricks by 90°. In the first 
embodiment of Figure 1A, the distribution carriage 31 will not rotate the clamped brick layer 
being transferred to the outfeed conveyor 26 as the layers intended for the outfeed conveyor 
26 are supposed to be positioned parallel to the outfeed conveyor's direction of travel. The 
distribution carriage 31 will, however, rotate the clamped brick layer being transferred to the 
tine conveyor 28 by 90° since those layers are supposed to be positioned perpendicular to the 
outfeed conveyor's direction of travel. 
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[43] In the second embodiment of Figure IB, the distribution carriage 3 1 will not rotate the 
clamped brick layer being transferred to the outfeed conveyor 26 as the layers intended for 
the outfeed conveyor 26 in this embodiment are supposed to be positioned perpendicular to 
the outfeed conveyor's direction of travel. The distribution carriage 31 likewise will not 
rotate the clamped brick layer being transferred to the tine conveyor 28 by 90° since those 
layers are supposed to be positioned perpendicular to the outfeed conveyor's direction of 
travel. 

[44] Conversely, in the third embodiment of Figure 1C, the distribution carriage 31 will 
rotate the clamped brick layer being transferred to the outfeed conveyor 26 by 90° as the 
layers intended for the outfeed conveyor 26 are supposed to be positioned parallel to the 
outfeed conveyor's direction of travel. The distribution carriage 31 will not, on the other 
hand, rotate the clamped brick layer being transferred to the tine conveyor 28 by 90° since 
those layers are supposed to be positioned perpendicular to the outfeed conveyor's direction 
of travel. 

[45] Outfeed conveyor 26 progressively moves the brick layer IX, or other number of 
layer(s) stack(s) of brick (nX), (i.e., by indexing) placed by the distribution carriage 31 so as 
to position the brick layer beneath the tine carriage structure 32 elevated above the outfeed 
conveyor 26. The movement of the outfeed conveyor 26 thus opens a clear space in position 
A26 for receiving the next single brick layer IX, or other number of layer(s) stack(s) of brick 
(nX), to be deposited by the distribution carriage 31 in the manner of the previous brick layer. 

[46] In the meantime, the infeed conveyor 20 also progressively moves (i.e., by indexing) 
the next two-layer stack 2X, or other number of layer(s) stack(s) of brick (nX), into position 
A20 of the infeed conveyor 20 so that the distribution carriage 31 can continue to transfer 
brick layers IX, or other number of layer(s) stack(s) of brick (nX), to either the outfeed 
conveyor 26 or the tine conveyor 28. 

[47] Following positioning of the brick layers IX, or other number of layer(s) stack(s) of 
brick (nX), onto the tine conveyor 28, the tine conveyor 28 will progressively move (i.e., 
indexing) the brick layers upstream giving an inspector/operator an opportunity to inspect 
the bricks 2 on that conveyor for defects and to cast out any unacceptable bricks 2. At the 
same time, while the tine conveyor 28 progressively moves the brick layers IX, or other 
number of layer(s) stack(s) of brick (nX), upstream, the stop bar 29 is alternatingly raised and 
lowered. In the lowered position, the stop bar 29 blocks the progressive upstream movement 
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of the row of bricks that contact the stop bar 29, while the row(s) just upstream of the stop bar 
29 continue moving thereby creating a gap space g,ga, corresponding to the openings 36,36a 
of Figures 4A and 4B, between rows of bricks. In the first and third embodiments of Figures 
1A and 1C, the operation of the stop bar 29 in conjunction with the upstream movement of 
the tine conveyor 28 is controlled such that tine row pairs TP of bricks 2 are formed. In the 
second embodiment of Figure IB, the operation of the stop bar 29 in conjunction with the 
upstream movement of the tine conveyor 28 is controlled such that tine row arrangement TA 
of a double-single-double or a single-double-singe arrangement TA of bricks 2 are formed. 

[48] In the preferred embodiments of Figures 1A and 1C, the tine row pairs TP each 
consist of two adjacent rows of four bricks 2, for example. The alternating raising and 
lowering of the stop bar 29 is controlled at predetermined time intervals to create a 
predetermined spacing g at least equal to the width of a lifting, moving or clamping means, 
such as a tine fork, for forming the openings 36 between the tine rows as shown by the 
positioning of the tine rows to the left of stop bar 29 in Figures 1A and 1C. In the preferred 
embodiment of Figures IB, the tine row arrangement TA each consist of an alternating 
arrangement of a double-single-double or a single-double single arrangement of adjacent 
rows of five bricks 2. The alternating raising and lowering of the stop bar 29 in Figure IB is 
controlled at predetermined time intervals to create a predetermined spacing ga at least equal 
to the width of a lifting, moving or clamping means, such as a tine fork, for forming the 
openings 36a between the tine rows as shown by the positioning of the tine rows to the left of 
stop bar 29 in Figures IB. Further, in the embodiments of Figures 1A, IB and 1C, the 
distribution carriage 31 in the meantime is controlled to transfer brick layers IX, or other 
number of layer(s) stack(s) of brick (nX), at intervals so as to build up and maintain a 
substantial number of brick to the right of stop bar 29 as shown in Figures 1 A, IB, and 1C. 

[49] In the embodiments of Figures 1A and 1C, at the frontmost position of the tine 
carriage structure 32, the tine layer TL,TP is created when three transversely extending tine 
row pairs TP, such as the three most upstream tine row pairs on the tine conveyor 28, arrive 
in position B28 (Figures 1A and 1C). That tine layer TL,TP is then ready for subsequent 
delivery to position B26 of outfeed conveyor 26 where they will be deposited on the top 
surface of a single brick layer IX, or other number of layer(s) stack(s) of brick (nX), already 
in position B26 by virtue of the upstream movement of brick layers IX, or other number of 
layer(s) stack(s) of brick (nX), by the outfeed conveyor 26. In the embodiment of Figure IB, 
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at the frontmost position of the tine carriage structure 32, the tine layer arrangement TA is 
created when three transversely extending tine rows in either a double-single-double 
arrangement (two rows-space-one row-space-two rows arrangement, for a five brick rows, 
spaced arrangement) or a single-double-single arrangement (one row-space-two rows-space- 
one row arrangement, for a four brick rows, spaced arrangement) of rows of bricks 2, such as 
the five most upstream tine rows of bricks 2 on the tine conveyor 28, arrive in position B28 
(Figures IB). That tine layer arrangement TA is then ready for subsequent delivery to 
position B26 of outfeed conveyor 26 where they will be deposited on the top surface of a 
single brick layer IX, or other number of layer(s) stack(s) of brick (nX), already in position 
B26 by virtue of the upstream movement of brick layers IX, or other number of layer(s) 
stack(s) of brick (nX), by the outfeed conveyor 26, or placed at position B26 by a suitable 
transfer, lifting or moving means, such as a robot similar to the Robot A or the Robot B. 

[50] The tine carriage 33 removes the tine row pairs TP or the tine arrangement TA from 
position B28 of tine conveyor 28, and stacks the tine row pairs TP or tine arrangement TA on 
top of the veneer boards TB or on a brick layer IX at position B26, or other number of 
layer(s) stack(s) of brick (nX), thereby forming a tine layer TL. Specifically, the clamp plates 
35 of the tine carriage 33 which are oriented in a transverse orientation relative to the 
direction of travel of the outfeed conveyor 28 are positioned over the tine row pairs TP or 
over the tine arrangement TA, lowered and clamped against the opposite longitudinal ends of 
the tine row pairs TP or tine arrangement TA to engage and retain the tine row pairs TP or the 
tine arrangement TA. In the embodiments of Figures 1A and IC, the three clamped tine row 
pairs TP are then lifted vertically and rotated 90° as shown in Figures 1 A and IC, and moved 
to the outfeed conveyor position B26 where they are deposited on the veneer boards TB or on 
a brick layer IX, or other number of layer(s) stack(s) of brick (nX), previously positioned in 
position B26. In the embodiments of Figures IB, the three clamped tine row arrangement TA 
are then lifted vertically and are not rotated 90° as shown in Figure IB, and moved to the 
outfeed conveyor position B26 where they are deposited on the veneer boards TB or on a 
brick layer IX, or other number of Iayer(s) stack(s) of brick (nX), previously positioned in 
position B26. 

[51] With the depositing of the tine row pairs TP or the tine arrangement TA, the vacuum 
heads attached to the tine carriage 33 will pick up the top veneer boards from stacks Al, Bl, 
CI and Dl. The veneer boards are then deposited on the upper surface of the tine row pairs 
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' TP or on the upper surface of the tine row arrangement TA which were deposited on the 
veneer boards TB or on the brick layer IX, or other number of layer(s) stack(s) of brick (nX), 
in position B26 of outfeed conveyor 26. With the single brick layer IX, or other number of 
layer(s) stack(s) of brick (nX), the tine layer TL and the veneer boards in place, the 
assembled tine receiving layer arrangement TR is moved by the outfeed conveyor 26 to its 
final most upstream position C26. At the same time, the next downstream single brick layer 
IX, or other number of layer(s) stack(s) of brick (nX), is advanced into position B26 of 
outfeed conveyor 26 to repeat the above procedure. It is also possible that the outfeed 
conveyor 26 can be controlled so as not to position single brick layer IX, or other number of 
layer(s) stack(s) of brick (nX), into position B26 of outfeed conveyor 26, so that the 
assembled tine receiving layer arrangement TR is only the tine row pairs TP or the tine row 
arrangement TA from the tine conveyor 28 at position B28. 

[52] While the foregoing operations are occurring, robot A in addition to transferring two- 
layer stacks 2X, or other number of layer(s) stack(s) of brick (nX), from the kiln car 14 to the 
infeed conveyor 20 is also being controlled to transfer two-layer stacks of brick 2X, or other 
number of layer(s) stack(s) of brick (nX), to position A24 of the packaging conveyor 24. 
That two-layer stack 2X, or other number of layer(s) stack(s) of brick (nX), will form the 
initial layers of a stack of bricks 2 to be packaged as assembled package PPA. Alternatively, 
assembled tine receiving layer arrangement TR from the outfeed conveyor 26 at position B26 
can form the initial layer(s) of a stack of bricks 2 to be packaged as assembled package PPA. 
With the preferred embodiments described above, the packaging conveyor 24 is typically not 
controlled so as to index the movement of the bricks 2 placed on its upper flight. Rather, in 
the two embodiments, the upper flight is moving at a rate of, as an example, about 4-6 inches 
per minute in a rear-to-front direction toward the strapping station 77. It should be 
understood that other speeds for the movement of the upper flight or the indexing of the 
upper flight can be implemented in further embodiments, as would be understood by one of 
skill in the art. 

[53] After the two-layer stack, or other number of layer(s) stack(s) of brick (nX), is placed 
on position A24 on the packaging conveyor 24, robot A (or alternatively Robot B) reaches 
over to the outfeed conveyor position C26, picks up the assembled tine receiving layer 
arrangement TR and places it directly on top of the previously deposited two-layer stack, or 
other number of layer(s) stack(s) of brick (nX), thereby becoming a partially assembled 
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package PPB at position B24. Alternatively, as mentioned previously, when the assembled 
tine receiving layer arrangement TR from the outfeed conveyor 26 at position B26 forms the 
initial layer(s) of a stack of bricks 2 to be packaged as assembled package PPA, the Robot A 
(or alternatively the Robot B), can deposit none or other number of layer(s) stack(s) of brick 
(nX) on the assembled tine receiving layer arrangement TR at position B24 thereby 
becoming a partially assembled package PPB. At that point, the packaging conveyor 24 
-advances the partially assembled package PPB to the next adjacent position C24. 

[54] At the same time, robot A then transfers the next two-layer stack 2X, or other number 
of layer(s) stack(s) of brick (nX), from the kiln car 14, or alternatively transfers the 
assembled tine receiving layer arrangement TR from position C26, to the position A24, 
which is directly behind the previous partially assembled package PPB that advanced to 
position B24 on the packaging conveyor 24. As the packaging conveyor continues to move, 
robot A or robot B will first place further a two-layer stack 2X, or other number of layer(s) 
stack(s) of brick (nX), or may alternatively place no additional stack(s) of bricks (nX), from 
the kiln car 14 onto the partially assembled package PPB which has advanced further to 
position C24 becoming a further assembled package PPC, and then transfer the partially 
assembled package PPA including the assembled tine receiving layer arrangement TR to 
occupy the position B24 (that next stack package now PPB), and then transfer another two- 
layer stack, or other number of layer(s) stack(s) of brick (nX), or alternatively transfers the 
assembled tine receiving layer arrangement TR from position C26, onto position A24 in order 
to start yet another package PPA for assembly. 

[55] Alternatively, robot B may also transfer a two-layer stack, or other number of layer(s) 
stack(s) of brick (nX), from the kiln car 14 onto the partially assembled package PPB at 
position C24 to form the further assembled package PPC. Robots A and B may alternatingly 
perform the function of transferring a two-layer stack, or other number of layer(s) stack(s) of 
brick (nX), to position C24, or the programmable logic controller 73 may determine which 
robot to use during operation. For example, the programmable logic controller 73 can make 
such a determination based on specific parameters derived from sensory inputs which would 
indicate which robot was in the best position to perform the function for position C24. 

[56] As the partially assembled packages on the packaging conveyor 24 progress, robot B 
(or alternatively or alternately Robot A) will place a two-layer stack, or other number of 
layer(s) stack(s) of brick (nX), or may alternatively place no additional stack(s) of bricks 
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(nX), on the partially assembled package PPC which is now in position D24, thereby 
becoming a partially assembled package PPD. In the meantime, robot A is continuing to 
transfer two-layer stacks, or other number of layer(s) stack(s) of brick (nX), or an assembled 
tine receiving layer arrangement TR to the appropriate positions on the packaging conveyor 
24, such that packages of bricks 2 PPA, PPB and PPC are continuously being formed as the 
packaging conveyor 24 advances. 

[57] When the partially assembled package PPD advances to the position E24 of the 
packaging conveyor 24, robot B (or alternatively or alternately Robot A) will place another 
two-layer stack, or other number of layer(s) stack(s) of brick (nX), or may alternatively place 
no additional stack(s) of bricks (nX), thereby forming a further assembled package PPE at 
position E24. Robot B or robot A will then transfer another two-layer stack, or other number 
of layer(s) stack(s) of brick (nX), from the kiln car 14, or may alternatively place no 
additional stack(s) of bricks (nX), to the partially assembled package now occupying position 
D24 in order to form another partially assembled package PPD. As is evident from the 
foregoing, the programmable logic controller 73 can control the forming of the assembled 
packages PPA-PPE at positions A24 through E24 of the packaging conveyor 24 so that none 
or a predetermined number of layer(s) stack(s) of brick (nX) are transferred or positioned on 
none or any number of layer(s) stack(s) of brick (nX) at any of positions A234 through E24 
to form a predetermined packaged assembly of a corresponding number of layer(s) stack(s) 
of brick (nX) including the assembled tine receiving layer arrangement TR, dependent upon 
the particular need, use or application. 

[58] As the packages continue to move forward on the packaging conveyor 24, they will 
enter the strapping station 77 that is equipped with a moveable carriage 77a. The movable 
carriage 77a is connected to a hydraulic cylinder 310 that is operated so as to move the 
movable carriage 77a at the same speed as the packaging conveyor 24. The strapping station 
77 further includes strapping structure 77b which applies straps around the moving brick 
stacks, such as by a suitable known binding or strapping apparatus. The brick stacks initially 
move past guide rollers 320, with the arrangements of the guide rollers 320 also being 
illustrated in Figures 5 A through 5E, pre-compressor plates 330 and the compressor plates 
340, which clamp the column of moving brick following which the strappers apply all of the 
straps. As can be seen from Figures 2A and 5A-E, the guide rollers 320 include a plurality of 
arrangements 320 to accommodate a corresponding number of layers of bricks 2 to form an 
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assembly of bricks 2 , such as assemblies 100 and 100A of Figures 4A and 4B, for example, 
of a predetermined number of layers of bricks 2 forming the final assembly. For example, 
with reference to packaging conveyor 24 of Figure 2A, the guide roller section 320 of Figure 
5D is positioned at position A24 for positioning and aligning up to two layers of bricks 2, 
the guide roller section 320 of Figure 5C is positioned at position B24 for positioning and 
aligning up to four layers of bricks 2, the guide roller section 320 of Figure 5B is positioned 
at position C24 for positioning and aligning up to six layers of bricks 2, the guide roller 
section 320 of Figure 5 A is positioned at position D24 for positioning and aligning up to 
eight layers of bricks 2, and the guide roller section 320 positioned at position E24 in Figure 
2A is for positioning and aligning up to ten layers of bricks 2, for example. When the 
strapping operation is complete the pre-compressors 330 and compressors 340 release and the 
carriage returns to the left to its home position to await the next arriving brick package. 

[59] It should be understood that the foregoing description is just one example of how the 
system may be operated in order to build one type of package having a specific number of 
bricks 2 with specific dimensions. However, other generally similar sequences of operation 
for other types of packages of different bricks 2 may be programmed into the programmable 
logic controller 73. 

[60] After strapping, the packs of brick are accumulated into five strap packs, or other 
suitable arrangement. These packs separate from the column by a system of powered rollers 
and are transported to a 90° pusher where they are cross-strapped in a conventional manner 
and presented for pick up by a suitable lifting, clamping, moving or lifting means, such as by 
a forklift, which is easily accomplished by virtue of the fact that the tine openings in the pack 
are sized and positioned to accommodate the lifting, clamping or moving means, such as the 
forklift lifting bars. 

[61] The foregoing is considered as illustrative only of the principles of the invention. 
Further, since numerous modifications and changes will readily occur to those skilled in the 
art, it is not desired to limit the invention to the exact construction and operation shown and 
described, and, accordingly, all suitable modifications and equivalents can be resorted to, 
falling within the scope of the invention. 

[62] Although the present invention has been fully described in connection with the 
preferred embodiments thereof with reference to the accompanying drawings, it is to be noted 
that various changes and modifications will be apparent to those skilled in the art. For 
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example, the tine row arrangement of the brick or component rows can vary from the tine 
row pairs of Figures 1A and 1C, or from the double-single-double or the single-double- 
single tine row arrangement of Figure IB, dependent upon the use and application, to provide 
the respective openings in the bundled assemby or structure of bricks or other components, 
such as a one-three-one or a two-four-two arrangment of bricks or components,utilizing the 
methods and apparatus of the present invention, as previously described. Such changes and 
modifications are to be understood as included within the scope of the present invention as 
defined by the appended claims, unless they depart therefrom. 
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